Aims: To test the total consumption model claiming that alcohol-related ill health can best be diminished by a policy of severe restrictions and high price. Methods: The associations between an index measuring the severity of the alcohol policy, total alcohol consumption and number of disability-adjusted life years (DALYs) lost due to alcohol were compared in 30 OECD countries in 2005. Results: No significant correlations were found between alcohol policy index, alcohol consumption and the number of DALYs due to alcohol use. In regression analysis, alcohol policy index and alcohol consumption were not related to alcohol-related DALYs. Excise tax rate was not related to alcoholrelated DALYs (25 countries with tax rate data). Conclusions: These findings suggest that the total consumption model fails. Alcohol-related ill health seems to be mainly due to alcohol dependence, both clinical and subclinical, not to moderate drinking.
INTRODUCTION
Alcohol use has been estimated to cause ∼4% of the global disease burden. Efforts to decrease ill health deriving from alcohol are the main focus of alcohol policies. Commonly, these policies rely on the total consumption model (Room et al., 2005) . It argues that alcoholrelated harms will diminish if the population total alcohol consumption is reduced by increasing the price, reducing availability and controlling marketing of the beverages. A severe alcohol policy is defined by a high price level and restricted availability of alcohol beverages. Current policy recommendations are often based on this model (Anderson and Baumberg, 2006; Anderson et al., 2012) . The original idea of the model, also known as the single distribution model, was based on the work of the French demographer Sully Ledermannn (1915 Ledermannn ( -1967 and made popular in the 1970s (for the history of the idea, see Duffy and Snowdon, 2014) .
Although the model is commonly believed to be true, other determinants of alcohol-related harm have also been considered to be important (Stockwell et al., 1997) , and the scientific basis of this model has been criticized (Duffy, 1993; Duffy and Snowdon, 2014; Poikolainen, 2014) . To discover how effectively a severe alcohol policy serves to decrease the disease burden, I have compared cross-nationally an index of alcohol policy, total country alcohol consumption and the number of disability-adjusted life years (DALYs) lost to alcohol.
DALYs are composites of the number of years lost due to ill health, disability and premature death.
METHODS
Data were extracted for the 30 countries that compose the Organization for Economic Cooperation and Development (OECD, 2014) , from public statistics and from a research report, as described in detail below. All data were extracted twice, checking and correcting for possible error.
The dependent variable was the number of DALYs lost due to alcohol use in 2005 (GDB compare, 2014 . Between the countries, the alcohol-related DALYs in 2005 varied from 0.545 to 4.213 per 100 of population. These ratios are large because DALYs are estimated for the whole life span, but the denominator is population size in 2005.
The main independent variable was the Alcohol Policy Index (API), a composite indicator developed to gauge the strength of a country's alcohol control policies. It has been described earlier in detail (Brand et al., 2007) . In brief, policies that have been sponsored by the World Health Organization and have been found to reduce adverse effects of alcohol were included in the index. The index comprised regulations from five policy domains: physical availability of alcohol, drinking context, alcohol prices, alcohol advertising and motor vehicle driving restrictions. The maximum score was 100 and the maxima for the domains were: motor vehicles 34, availability 32, price 24, drinking context 8 and advertising 3 (domain scores from the original publication sum up to 101). Weighting of the scores were based on the degree of effectiveness. Data pertain to the years 2000-2005; most recent data for all countries were used to calculate the index. In the present primary analysis, the original ('baseline') values were used. The API varied between 14.5 (most lenient) and 67.3 (most restrictive). Data on total alcohol consumption, alcohol excise tax and population size in 2005 were obtained from OECD statistics (OECD, 2014) . Main data are displayed in Table 1 .
To ascertain the strength of associations, partial correlation coefficients (r), controlling for population size, were calculated. Correlations were based on total numbers. Per population data were not applied because totals divided by a common variable (such as population size) may produce spurious results in correlational and in regression analysis (Kronmal, 1993) . In regression analysis, population size was included as a control variable in addition to alcohol consumption and API as independent variables. STATA was applied for computations. All tests were two-tailed.
RESULTS
No significant partial correlation was found between API and total alcohol consumption, nor between alcohol consumption and the total number of DALYs lost due to alcohol use. The most striking finding was the practically non-existent correlation between API and DALYs lost due to alcohol use (Table 2) . Excluding the two smallest populations, Iceland and Luxembourg, did not essentially change the results. When original API values were substituted by the respective median values from the sensitivity analysis, the result remained materially the same. Scattergrams (Figures 1-3 ) suggested that Hungary is a possible outlier. Leaving it out did not, however, materially change the lack of correlation between API and DALYs (Data not shown).
In regression analysis, neither API nor alcohol consumption were related to alcohol-related DALYs (Table 3 ). The prediction error sum of squares (PRESS statistic) of the model was 0.908, indicating a good fit. Excluding Iceland and Luxembourg did not materially change the results.
Data on excise tax on alcohol in 2005 were not available for Australia, Japan, South Korea, Mexico and New Zealand. For the remaining 25 countries, the partial correlation, controlling for population size, between the tax rate (in US dollars) and the number of DALYs due to alcohol was not significant (r = −0.06; P = 0.8). In regression analysis, controlling for alcohol consumption and population size, tax rate was not a significant predictor of DALYs (data not shown).
DISCUSSION
The present results suggest that while stern alcohol policies can function to decrease per capita total alcohol consumption, this stringency does not lead into diminished alcohol-related ill health. The analysis was ecological, at country level. It is well known that aggregate-level associations do not necessarily hold true when the units studied are individuals. Spurious correlations could result from situations when the subgroup with the putative cause is not the same as the subgroup with the putative effect. In the present study, however, alcohol policy laws are the same for all members of any the given country and are applied to all drinkers. Ecological analyses have been recommended for the evaluation of policy effectiveness (Lubinski and Humphreys, 1996) .
Lack of correlation between API and DALYs lost due to alcohol use could be due to poor reliability of the variables. This does not seem to be the case. The DALY calculations are based on the best available mortality and disease incidence data as well as on disability weights set by expert groups (Murray and Acharya, 1997; Devleesschauwer et al., 2014) . Although it has been claimed that the international agreement on disability weights is overstated (Nord, 2013) and that DALYs are based on the medical, and not on the social, model of disability (Mont, 2007) , better comprehensive measures of ill Fig. 1 . Alcohol-related DALYs per 100 of population by alcohol policy index score (for country stickers, see Table 1 ). Fig. 2 . Alcohol-related DALYs per 100 of population by per capita alcohol consumption in liters (for country stickers, see Table 1 ). Fig. 3 . Per capita alcohol consumption in liters by alcohol policy index score (for country stickers, see Table 1 ). health are not known, while DALYs are commonly used both to estimate the disease burden and to serve a premise for policy decisions and resource allocation. When API was developed, its validity was studied in two ways. A sensitivity analysis demonstrated the robustness of the API by showing that countries' absolute scores and ranks remained highly correlated when 16 different scoring scenarios, based on variations in methodological assumptions, were compared (Brand et al., 2007) . Secondly, a clear negative correlation between the API score and per capita alcohol consumption was observed. A more recent index to evaluate the stringency and enforcement of alcohol policy yielded very similar scores to those obtained in the earlier study for the two countries, Australia and Japan, that were available for comparison (Carragher et al., 2014) . This is not surprising, as the maximum scores in the five regulatory domains in the two indices are very close to each other, and data are derived from official statistics and regulations in both cases. A weakness of the API is the lack of reliable data on policy enforcement. While these indices may not be perfect, they are the best currently available. Unfortunately, analyzing time relations between the causes and effects is beyond the scope of a cross-sectional study. It is known that the policy measures have been in effect in the period 2001-2005 but the onset, magnitude and application time of policy measures and the related outcomes need further study. Some policy measures, say licencing and motor traffic regulations, might bring about immediate and stable changes, others may take a long time. To a certain extent this is true to alcohol-related disease cases incurring after a long exposure time, such as liver disease and cancer. On the other hand changes in liver cirrhosis mortality can be sudden, as witnessed by time-series studies (Skog, 1984) . A probable explanation is lack of abstinence among the cirrhosis patients. Thus, despite a long-time lag between the onset of exposure and the onset of some diseases, at least part of the effectiveness of policy measures should be seen soon.
One might expect that strict alcohol policies would correlate with lower ill health due to alcohol. This was not the case. A likely explanation is that the effects of alcohol policies vary by subgroups of consumers. Severe alcohol policies can decrease the alcohol intake of moderate consumers and those with only sporadic heavy drinking but seem to have little influence on the habits of steady heavy drinkers and alcoholics. Higher resistance (lesser elasticity) of heavy drinkers to price increases, when compared with normal consumers, has been reported earlier (Ayyagari et al., 2009; Wagenaar et al., 2009) .
A unique cohort revealed the joint effects of alcohol intake and the presence or absence of alcohol dependence on all-cause mortality. Compared with lifelong abstainers, subjects both with alcohol dependence (DSM-IV) and heavy alcohol intake had a 1.65-fold risk of death (95% confidence interval 1.38-1.98). Moderate nondependent drinkers had decreased mortality. No material difference in mortality was found between lifelong abstainers and heavy drinkers who were not alcoholics, even though their long-term daily average drinking level approximately equaled that of alcoholics (Dawson, 2000) . It is not only the amount consumed but also the context, rhythm and speed of drinking that determines the difference.
While any sporadic heavy drinking increases the risk of disease, the major part of ill health seems to accrue to chronic heavy drinkers. Those with alcohol dependence are the most affected. This even applies to harms often classified as acute consequences of single heavy episodes. Alcoholics may not care to comply with motor vehicle regulations against driving while intoxicated. A large case-control study of ∼90,000 subjects who had earlier received hospital treatment for alcohol use disorders (ICD-10 F10) displayed a 6-fold odds ratio for driving while intoxicated by alcohol compared to age-and sexmatched controls (Karjalainen et al., 2013) , and dependence (DSM-IV) predicts recidivism (Bishop, 2011) .
The present findings, and some earlier research, suggest that alcohol-related ill health is mostly due to alcohol dependence, both clinical and subclinical. In my view, heavy drinking episodes in risky settings should be seen as subclinical episodes of addiction, that is, lapses of controlling the strong urge to drink excessively.
The weakness of a stern alcohol tax and availability policy is that it seems to improve public health only marginally. Stringent alcohol policies can lead to counterproductive effects, such as illicit trade and moon-shining as well as consuming industrial alcohol products that have high toxicity. Finding ways to reduce alcohol dependence and to promote moderate drinking are of essence. Excise tax seems to be a fiscal, and not a public health issue. More studies on the effect of alcohol policies on alcohol-related DALYs should be carried out to corroborate the present results.
